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Control of Coolant Flow Rate for Vehicle Heating 

BACKGROUND OF THE INVENTION 

[0001] Current climate control systems in automobiles utilize a heater core 
to heat air that is directed into the cabin of the automobile to provide interior 
heating. The heater core is typically heated by circulating engine coolant from 
the engine through the heater core. (Coolant being a term relative to the 
engine temperature, as the coolant is used to "cool" the engine of the 
automobile, which is how the coolant obtains the thermal energy used to heat 
the air passing through the heater core, and thus the coolant is at a high 
temperature relative to atmospheric temperatures). Typically, the rate of 
coolant flow through the heater core is governed by various parameters 
relating to the engine and/or automobile operation and/or coolant pump 
operation. By way of example, the rate of flow through the heater core may 
be directly related to engine RPM; the higher the RPM, the higher the coolant 
flow rate through the heater core. Still further, it may be related to the speed 
of a coolant pump. Alternatively or in addition to this, the rate of flow of 
coolant through the heater core may be related to the temperature of the 
engine. That is, for example, the rate of coolant flow may increase as the 
temperature of the engine increases. Indeed, in some designs for 
automobiles, coolant only circulates through the engine (and thus the heater 
core) when the temperature of the engine has reached a predetermined 
value. Thus, the rate of flow through the heater core of coolant is variable and 
controlled by parameters that are not directly related to the required heat 
output of the heater core. This is spmetimes a problem, because by 
controlling the flow rate of coolant through the heater core solely based on 
engine parameters, the true need to achieve a minimum circulation rate 
through the heater core, which may be needed to ensure that the climate 
control system can provide hot air at an adequate temperature and at an 
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adequate mass flow rate to the cabin, is ignored. Tiierefore, in some 
situations, tlie coolant flow rate may be too low to sufficiently heat the air 
being directed into the cabin so that the occupants of the cabin will feel 
comfortable. This is especially the case in situations of extremely cold 
ambient weather at low engine speeds and/or low coolant pump speeds (and 
thus low coolant flow rates). 

[0002] Thus, low coolant flow rate may be a problem because, depending 
on the ambient temperatures and/or the increase in room temperature that the 
cabin occupants desire, the heater core may not be able to heat the air being 
directed into the cabin sufficiently for the occupants to feel comfortable. 
[0003] One possible solution to the problem of low coolant flow at low 
engine speeds/low coolant pump speeds might be to simply maintain the flow 
of coolant through the engine, and thus the heater core, at a higher flow rate. 
However, this may result in a reduction in fuel efficiency as well as increased 
wear and tear on automobile components (e.g., a water pump that now must 
run twice as fast), thus making the automobile less economical, less 
environmentally friendly and more maintenance intensive. 
[0004] Therefore, there is a need to better control the flow of coolant 
through the heater core to better ensure that the heater core is able to provide 
enough heated air to the cabin of an automobile so that occupants in the 
cabin feel comfortable, even at extremely cold and low engine/pump speed 
conditions, in a manner that provides for economical operation of the 
automobile in both the short and/or long term. 

SUMMARY OF THE INVENTION 

[0005] In a first embodiment of the invention, there is a method for 
automatically adjusting the flow rate of engine coolant through a heater core 
in an automobile, comprising automatically determining a temperature 
difference between the temperature of coolant at a first flow rate before the 
coolant enters a heater core and a temperature of air exiting the heater core 
and automatically increasing the flow rate of the coolant to a second flow rate 
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higher than the first flow rate if the temperature difference is greater than a 
first predetermined temperature difference. 

[0006] In yet another embodiment of the invention, there is a method for 
automatically adjusting the flow rate of engine coolant through a heater core 
in an automobile, comprising automatically obtaining a value indicative of a 
mix door position, automatically obtaining a value indicative of a flow rate of 
air through the heater core, automatically obtaining a value indicative of 
coolant flow rate through the heater core, automatically measuring the 
temperature of coolant before the coolant enters the heater core, 
automatically measuring the temperature of air before the air passes through 
the heater core, automatically determining a temperature of air exiting the 
heater core based on the automatically obtaining a value indicative of a mix 
door position, the automatically obtaining a value indicative of a flow rate of air 
through the heater core, the automatically obtaining a value indicative of 
coolant flow rate through the heater core, the automatically measured 
temperature of coolant, and the automatically measured temperature of air, 
automatically determining a temperature difference between the automatically 
determined temperature of the coolant before the coolant enters the heater 
core and the automatically determined temperature of air exiting the heater 
core, and automatically increasing the flow rate of the coolant if the 
temperature difference is greater than a predetermined temperature 
difference. 

[0007] In yet another embodiment of the invention, there is a method for 
automatically controlling the climate in the cabin of an automobile, comprising 
automatically increasing and decreasing the flow rate of coolant entering a 
heater core based on a temperature difference between the temperature of 
the coolant before the coolant enters the heater core and the temperature of 
air exiting the heater core. 

[0008] In yet another embodiment of the invention, there is a coolant flow 
control device, comprising an electronic processor and a memory, wherein the 
memory stores a value for a first predetermined temperature difference, and 
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wherein the processor is adapted to automatically adjust the flow rate of 
engine coolant through a heater core in an automobile based on an 
automatically determined temperature difference between the temperature of 
coolant at a first flow rate before the coolant enters a heater core and a 
temperature of air exiting the heater core, wherein the processor is further 
adapted to automatically command an increase in the flow rate of the coolant 
to a second flow rate higher than the first flow rate if the temperature 
difference is greater than the stored value for a first predetermined 
temperature difference. 

[0009] In another embodiment of the invention, there is an automobile 
having a device according to any of the below devices. 
[0010] In another embodiment of the invention, there is an automobile with 
components adapted to implement any of the above or below methods. 
[001 1] Other embodiments of the present invention include any of the above 
or below methods when practiced in conjunction with an automobile. 
[0012] In another embodiment of the invention, there is a coolant flow 
device, comprising, an electronic processor and a memory, wherein the 
memory stores a value of a predetermined temperature difference and at least 
one algorithm based on an equation to automatically determine the 
temperature of air exiting a heater core, the equation being based on 
variables including, a temperature of air exiting the heater core, a temperature 
of coolant at the inlet of the heater core, a temperature of air prior to entering 
the heater core, a variable ratio of coolant enthalpy per degree and heater 
core enthalpy per degree, and a variable heater core performance parameter 
based on Cc/Ch, wherein the electronic processor is adapted to automatically 
determine the temperature of air leaving the heater core utilizing the 
algorithm, automatically determine a temperature difference between the 
temperature of coolant at a first flow rate before the coolant enters the heater 
core, and automatically issue a command to increase the flow rate of the 
coolant to a second flow rate higher than the first flow rate if the temperature 
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difference is greater than the stored value of the predeternnined temperature 
difference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Fig. 1 shows a table of exemplary empirical results for various 
coolant flow rates (based on engine speed) and air temperatures that will 
permit mapping of the performance and characterization of the heater core, at 
a maximum blower speed. 

[0014] Fig. 2 shows a table of total airflow mass flow rates for various Mix% 
values and blower voltages for an exemplary climate control system. 
[0015] Fig. 3 shows a table of the airflow that passes through the heater 
core as a function of Mix% and blower voltage for an exemplary climate 
control system. 

[0016] Fig. 4 shows a chart detailing a percentage of reference airflow 
passing through the heater core for an exemplary climate control system 
[0017] Fig. 5 shows a graphical representation of how an exemplary control 
system implemented according to the present invention may behave utilizing 
an auxiliary electric pump to increase the flow rate of coolant through a heater 
core. 

[0018] Fig. 6 shows a schematic representation of a coolant flow control 
device according to an embodiment of the invention. 

[0019] Fig. 7 shows an algorithm for logic for implementing an embodiment 
of the present invention. 

[0020] Fig. 8 shows another algorithm for logic for implementing another 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0021] The present invention provides a system for automatically adjusting 
the flow rate of engine coolant through a heater core of an automobile (such 
as but not limited, to a car, an SUV, a minivan, a station wagon, a pickup 
truck, etc.). More specifically, the present invention permits the flow rate of 
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engine coolant through the heater core of an automobile to be adjusted based 
on the thermal demand for hot air, produced by the heater core, that is 
directed into the cabin of an automobile to heat the automobile. To this end, 
according to a first embodiment of the present invention, the flow rate of 
engine coolant through the heater core is automatically increased to a higher 
flow rate for a period of time when the determined temperature difference 
between the coolant temperature just before the coolant enters the heater 
core and the temperature of heated air just as it exits the heater core is 
greater than a predetermined value, thus increasing the amount of heat per 
unit time that may be transferred to air passing through the heating core. A 
specific exemplary embodiment of the invention will now be described, after 
which details of various broader implementations of the invention will be 
discussed. 

[0022] A first exemplary embodiment of the present invention may be 
implemented in an automobile that has an auxiliary coolant pump that will, 
when activated, increase the flow rate of coolant. That is, the auxiliary pump 
increases the flow rate of engine coolant above the rate which coolant would 
flow through the heater core if, for example, only the water (coolant) pump of 
the engine was operating. In the first embodiment of the invention, the 
auxiliary pump is activated, thus increasing the flow rate of engine coolant 
through the heater core, when the temperature difference between the 
temperature of coolant entering the heater core (as determined prior to 
activation of the auxiliary pump) and the temperature of air exiting the heater 
core (again as determined prior to activating the auxiliary pump), is greater 
than a predetermined temperature difference, which in the first embodiment is 
20 degrees C. 

[0023] By regulating the flow rate of engine coolant to the heater core so 
that a temperature difference of 20 degrees C or less between the coolant 
temperature entering the heater core and the temperature of air exiting the 
heater core is substantially maintained, the thermal demands on the heater 
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core may be better achieved so that the occupants of the automobile will feel 
comfortable. 

[0024] Details of some of the various implementations of the present 

invention will now be discussed. 

[0025] First, it is noted that, in the embodiment just described, the flow rate 
of the engine coolant through the heater core is increased by activating an 
auxiliary pump. However, other embodiments of the present invention may be 
practiced by diverting additional coolant into the heater core and/or. for 
example, by increasing the speed of the main water pump for the engine. 
Indeed, in some embodiments of the invention, any device or means or 
method that may be effectively utilized to increase the flow rate of engine 
coolant through the heater core may be utilized to practice the present 
invention. Thus, hereinafter, the device/means/method to increase coolant 
flow rate will be referred to broadly as the "supplemental flow function (SFF)." 
[0026] As noted above, one embodiment of the present invention relies on 
the determination of a temperature difference between the temperature of 
coolant before it enters the heater core and the temperature of the heated air 
exiting the heater core. In an embodiment of the invention, this temperature 
difference may be determined when the supplemental flow function is not 
activated, i.e., when the flow rate through the heater core is a flow rate that is 
controlled or othenA/ise determined, based solely on various engine 
parameters, such as engine RPM, engine temperature, heater water outlet 
temperatures, various flow control valve states, thermostats in the engine, etc. 
This flow rate, prior to activation of the supplemental flow function, will be 
referred to as a first flow rate, which may be a constant flow rate or a variable 
flow rate (based on engine parameters, etc.). 

[0027] The present invention thus may rely on the temperature difference 
between the incoming coolant and the heated air exiting the heater core when 
the coolant is at the first flow rate to determine whether or not the flow rate of 
the coolant should be increased. 
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[0028] If the temperature difference between the coolant and the heated air 
exiting the heater core is determined to be greater than the predetermined 
amount (e.g., 20 degrees C) when the coolant is circulated through the heater 
core at the first flow rate, the flow rate of coolant through the heater core may 
be automatically increased to a second flow rate higher than the first flow rate 
by activation of the supplemental flow function. This second flow rate may be 
a predetermined flow rate which may be based on empirical data indicating 
that the second flow rate will result in sufficient coolant flow through the heater 
core so that heated air may be sufficiently supplied to the cabin of the 
automobile for a given ambient temperature, heated airflow rate, desired 
cabin room temperature, etc. In some embodiments of the invention, this 
second flow rate may be a flow rate that is independent of the first flow rate, 
while in other embodiments of the present invention, this second flow rate 
may be an increase of a predetermined amount above the first flow rate (i.e., 
a delta to the first flow rate), whatever that first flow rate may be prior to 
activation of the supplemental flow function. This increase may be linearly or 
may be non-linearly related to the first flow rate. Thus, in some embodiments 
of the present invention, the second flow rate to which the flow rate of the 
coolant is increased from the first flow rate is any flow rate that will result in a 
sufficient coolant flow rate to permit the heater core to adequately heat the air 
used to heat the interior cabin of the automobile. 
[0029] By "determining the temperature difference" between the 
temperature of the coolant entering the heater core and the temperature of 
the air exiting the heater core, it is meant any method or apparatus that may 
be used to measure, estimate, approximate, etc., the temperature difference 
between the coolant and the heated air that will allow the present invention to 
be practiced. Thus, in an embodiment of the present invention, the 
temperature difference may be determined by measuring the temperature of 
the incoming coolant and the air exiting the heater core. This embodiment 
may be implemented, for example, by placing a first temperature sensor 
adjacent to the heater core on the outlet side in the air path of the heated air 
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and placing a second temperature sensor on or in the coolant pipe that 
provides coolant to the heater core, adjacent to the heater core. Control logic 
for implementing this embodiment may follow an algorithm according to Fig. 7 
[0030] In other embodiments of the present invention, the temperature 
difference may be estimated. In one embodiment of the invention that utilizes 
temperature difference estimation, the temperature of the coolant at the first 
flow rate may be measured as just discussed, and the temperature of the air 
exiting the heater core may be determined by estimating the temperature of 
the air exiting the heater core. (This estimate may be based on empirical data 
that is indicative of the temperature of the heated air exiting the heater core, 
and is discussed in greater detail below.) 

[0031] The ability to estimate the outlet temperature of the air flowing 
through the heater core provides certain advantages other than eliminating 
the need for a temperature sensor near the heater core. For example, 
temperature estimates may be used in determining when to selectively 
deactivate the supplemental flow function, which will now be discussed. 
[0032] The embodiment of the present invention discussed above to 
activate the supplemental flow function utilizes a determined temperature 
difference between the temperature of the incoming coolant at the first flow 
rate (i.e., prior to implementing the supplemental flow function) and the 
temperature of the heated air exiting the heater core. To achieve the full 
advantage of the present invention, the supplemental flow function may be 
alternately activated and deactivated, thus increasing fuel efficiency and 
reducing wear on parts. 

[0033] In some embodiments of the invention, the deactivation of the 
supplemental flow function may be determined utilizing control logic that is 
based on an estimation of the heater core performance as if the supplemental 
flow function was disabled. Such control logic may follow an algorithm shown 
in Fig. 8. This is done because, while determining whether to disable the 
supplemental flow function, the supplemental flow function is then enabled, 
and thus actual measurements of the temperature difference between the 
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coolant flow before it enters the heater core and air tennperature exiting the 
heater core with the supplemental flow function disabled cannot be obtained. 
Thus, these values must be estimated. This estimation may be performed as 
discussed above. By performing this estimation of the temperature difference, 
the likelihood that the supplemental flow function would be deactivated while 
conditions are not sufficient to remain in the deactivated state are 
substantially reduced and/or eliminated. 

[0034] The deactivation of the supplemental flow function (SFF) based on 
the estimation of heater performance will now be presented in an exemplary 
embodiment. After increasing the flow rate from the first coolant flow rate by 
activation of the supplemental flow function, while the supplemental flow 
function is activated, an estimate of the temperature difference between the 
coolant and the air exiting the heater core is automatically obtained based on 
the assumption that the coolant is flowing at a flow rate lower than the flow 
rate present while the supplemental flow function is activated, i.e., the lower 
flow rate is the rate or about the rate of fluid flow that would be present if the 
supplemental flow function was deactivated at that time. If it is determined 
that the estimated temperature difference is less than a predetermined 
temperature difference, the flow rate of the coolant would then be reduced by 
deactivating the supplemental flow function. 

[0035] It is noted that this second predetermined temperature difference 
(SFF deactivation) may be different than the predetermined temperature 
difference used to determine when to start the supplemental flow function 
(SSF). That is, the temperature difference relied on to determine whether or 
not to activate the supplemental flow function may be different than the 
temperature difference relied on to determine whether to deactivate the 
supplemental flow function. In one embodiment of the present invention, this 
latter temperature difference is less than the former temperature difference. 
By way of example only and not by way of limitation, the first temperature 
difference may be a temperature difference of 20 degrees C, while the second 
temperature difference may be a temperature difference of 16 degrees C. 
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Utilizing different values of temperature difference may prevent rapid 
reactivation and deactivation of the supplemental flow function. For example, 
if the temperature difference over a span of, say, 10 seconds, drops from 19 
degrees C to just above 20 degrees C, the supplemental flow function would 
be activated. If the first and second temperature differences were set to be 
close to one another, for example, 20 degrees C and 19 degrees C, 
respectively, the supplemental flow function would probably almost 
immediately be deactivated, as the temperature difference might change to 
just below 19 degrees quickly upon activation of the supplemental flow 
function. Then, after perhaps 10 or 20 seconds, when the temperature 
difference drops below 20 degrees C, the supplemental flow function would 
again be activated. Thus, improved results may be obtained by utilizing a 
large enough temperature difference between the two temperature differences 
so that a smoother operation and more efficient operation of the supplemental 
flow function will result. 

[0036] The values of the first and second predetermined temperature 
differences used to implement the present invention in an automobile may be 
determined based on empirical testing, and thus may be different for various 
climate systems. However, it has been found that in some embodiments of 
the present invention, a suitable first temperature difference (SFF activation) 
is about 20 degrees C while a suitable second temperature difference (SFF 
deactivation) is about 16 degrees C. In other embodiments of the present 
invention, the first predetermined temperature difference is about one-fourth 
greater than the second predetermined temperature difference. 
[0037] Another method of controlling the activation and deactivation of the 
supplemental flow function to implement the present invention is to activate 
the supplemental flow function for a predetermined period of time, thus 
increasing the coolant flow rate to the second flow rate, after which the 
supplemental flow function is deactivated, thus decreasing the flow rate of 
coolant to a third flow rate lower than the second flow rate. This third flow rate 
may be the same as the first flow rate, but could also be different. After the 
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deactivation of the supplemental flow function, the temperature difference 
between the coolant before it enters the heater core and the temperature of 
the heated air exiting the heater core may then be determined, either by 
estimating the difference or by measuring the difference, as discussed above. 
If this temperature difference is greater than a predetermined temperature 
difference, activation of the supplemental flow function will then commence for 
another predetermined period of time, which may be the same as or different 
from the first predetermined period of time. 

[0038] The optimal periods of activation times may be determined through 
empirical testing and/or through theoretical calculations. Still further, in other 
embodiments of the present invention, the optimal periods of reactivation 
based on a determined temperature difference may also be empirically based 
or be based on calculations. 



Outlet Air Temperature Estimation Bases 



[0039] Outlet air temperature estimations, and thus estimates of the 
temperature difference between the coolant before it enters the heater core 
and the temperature of the air exiting the heater core, may be 
made/determined based on various factors. The following discussion explains 
how these factors, many of which may be determined through empirical 
testing, may be developed and implemented in the present invention. 
[0040] In one embodiment of the present invention, empirical testing is 
performed to obtain data which may be used to develop equations, data sets, 
and/or algorithms that may be used to determine the temperature difference, 
and thus to determine whether to adjust the flow rate of the engine coolant 
through the heater core. In other embodiments of the invention, calculations 
may be performed to develop this data. Still further, in other embodiments of 
the invention, known values/equations may be used to presume or estimate 
certain parameters to develop this data. Indeed, some embodiments of the 
present invention may be practiced by using empirical data obtained by 



-12- 



Atty. Dkt. No.: 032915-0150 



testing every possible scenario of variables that influence the outlet 
temperature of the heated air such that all that is necessary, when 
implementing the present invention, is to identify values for these variables 
and then, utilizing, for example, a lookup table, look up a value for the outlet^ 
temperature of the air. Other embodiments of the present invention may be 
practiced utilizing a combination of empirical test data as well as theoretical 
computational data obtained based on results from the empirical testing. An 
embodiment of the present invention that utilizes this latter method will now be 
described. 

[0041] An equation to determine the outlet temperature Tao of air exiting the 
heater core that may be used to implement the present invention Is as follows: 

Tao = [(Tci - ( Tci - Tai) ■ e(-uA/cc(i+cc/ch))]/(^ + Cc/Ch) (1 ) 
where, 

Tci = The temperature of coolant at the inlet of the 
heater core, 

Tai = the temperature of the air entering the heater 
core. 

[0042] Equation (1 ) may be used to obtain the temperature of the air exiting 
the heater core by obtaining temperature values for the temperature of the 
coolant entering the heater core, Tci, obtaining values for the temperature of 
the air entering the heater core, Tai, (i.e., the temperature of the air 
immediately before it is heated), and obtaining values for Cc/Ch and UA/Cc 
from, for example, a lookup table, for a given coolant flow rate and/or a given 
air flow rate. 

[0043] UA/Cc and Cc/Ch in equation (1 ) are variables that relate to the 
performance of the heater core, values which may be determined based on 
empirical data. Cc/Ch is a variable dimensionless ratio of the air flow enthalpy 
per degree and the coolant flow enthalpy per degree, obtained from tests on 
the heater core, while UA/Cc is a performance parameter of the heater core, 
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that is directly related to Cc/Ch. Recognizing that heater performance 
depends on the flow rate ratio between the air and the water, which varies 
with the flow rate of the coolant through the heater core, as well as the rate of 
flow of air through the heater core, UA/Cc and Cc/Ch will vary based on the 
flow rate of coolant through the heater core and the flow rate of air through the 
heater core. Thus, by utilizing the corresponding value of UA/Cc and Cc/Ch 
for a given flow rate of coolant through the heater core and flow rate of air 
through the heater core in equation (1), the temperature of the air leaving the 
heater core may be determined, at the given flow rate of coolant through the 
heater core and flow rate of air through the heater core, 
[0044] Relying on simple energy balance considerations, the equation 
below may be used to calculate values of Cc/Ch for various inlet and outlet 
temperatures: 

Cc/Ch = (Tci - Tco) / (Tao - Tai) (2) 

with, 

Tci = Temperature of the coolant at the inlet of the heater 
core, 

Tco = Temperature of the coolant at the outlet of the heater 
core, 

Tao = Temperature of the air exiting the heater core, and 
Tai = Temperature of the air entering the heater core. 

[0045] The temperature variables of the coolant and heated air of equation 
(2) may be determined empirically by placing sensors at coolant and air 
heater core inlet and outlet points on a test vehicle (or other appropriate test 
assembly) that will reflect the climate control system in which the present 
invention is implemented. By obtaining temperature values to be used in 
equation (2) at various coolant flow rate speeds and various air flow speeds, 
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values for Cc/Ch may be determined for corresponding coolant flow rates and 
various air mass flow rates that may be used in equation (1) to determine Tao. 
[0046] It is noted that equation (1 ) utilizes the coolant flow enthalpy per 
degree vs. the heater core air flow enthalpy per degree. However, 
embodiments of the present invention may be practiced utilizing equations 
that use the inverse of Cc/Ch; Ch/Cc. Thus, some embodiments of the 
present invention may be practiced by utilizing empirical data to formulate any 
combination of enthalpy per degree of coolant and airflow, respectively, that 
will permit the outlet temperature of the air exiting the heater core to be 
estimated. Still further, recognizing that equation (2) utilizes inlet and outlet 
temperatures of the coolant and the air with respect to the heater core, an 
embodiment of the present invention may be practiced by recording some or 
all of these temperatures at various coolant flow rates and air flow rates, 
storing these values in a lookup table onboard the automobile, and using the 
values to determine a value for Cc/Ch. Thus, some embodiments of the 
present invention may be practiced by utilizing any empirical data points that 
will permit the temperature of the air exiting the heater core to be estimated to 
implement coolant flow rate control according to the present invention. 
[0047] It can be seen, equation (1) contains a second ratio, UA/Cc. This 
ratio is known as the heater core performance parameter, which is dependent 
on coolant temperature drop through the heater core. Values for this ratio for 
various coolant flow rates and heater core air flow rates may be determined 
based on empirical results, just as was done to determine Cc/Ch, utilizing the 
equation: 

UA/Cc = (Tao - Tai) / AT(lm) (3) 

where, 

AT(lm) = (-Tci+Tco-Tao+Tai) / ( In [ (Tco-Tao) / (Tci - Tai) ] ) 

[0048] By plotting calculated values of UA/Cc vs. Tci-Tco, for the obtained 
empirical data, with UA/Cc on the vertical axis, a value for the heater core 
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distribution factor, HCD, which serves as an experimentally determined heater 
core correction factor, may be determined from the slope of the line that 
estimates the values of UA/Cc. Further, a dimensionless isothermal coolant 
overall heat transfer coefficient, UAVCc, which may be determined from the 
intercept of the slope of the line that estimates values of UA/Cc (i.e., where 
Tci-Tco = 0). 

[0049] Once values for UAVCc and HDC are determined for a given heater 
core, equation (4), below, may be used to determine a value of UA/Cc for a 
given value of Cc/Ch: 

UA/Cc = UAVCc - HCD • Cc/Ch ■ (Tci - Tai) (4) 

[0050] Thus, by utilizing equation (4) in equation (1 ), values of Tao may be 
determined for a given Cc/Ch value and given Tci arid Tai values. It is further 
noted that embodiments of the present invention may be practiced by relying 
on the teachings contained in SAE Technical Paper Series 960684, entitled 
"HVAC System Analysis Method for Testing," authored by Eisenhour, 
Kawakami and Tsunada, presented at the International Congress & 
Exposition in Detroit Michigan in February 26-29, 2996, the contents of which 
are incorporated herein by reference in their entirety. 
[0051] It is further noted that equation (4) can be considered an 
approximation for HCD • (Tci - Too), which is HCD ■ (Cc/Ch) • (Tao- Tai). This 
correct equation can be solved through iteration with equation (1) above, as 
both depend on Tao. Since HCD and Cc/Ch tend to be small, the error 
introduced in UA/Cc by using Tci in place of Tao is small, and thus equation 
(4) produces acceptable results. (In practice, HCD can be adjusted slightly to 
take up the error.) Of course, some embodiments of the present invention 
can be practiced utilizing the correct equations, as would be understood by 
one of ordinary skill in the art furnished with the knowledge conveyed by this 
application. 
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[0052] As noted above, values for Cc/Ch to be used in the above equations 
may be empirically determined for various coolant flow rates and various 
heater core air flow rates. However, some embodiments of the present 
invention may be practiced by utilizing values of Cc/Ch obtained by simply 
empirically determining values of Cc/Ch at the maximum flow rate of air 
through the heater core, and then scaling the values of Cc/Ch for lower air 
flow rates. That is, to practice some embodiments of the present invention, all 
that may be necessary is to obtain values of Cc/Ch that are empirically 
determined for a maximum air flow rate through the heater core at variable 
coolant flow rates. 

[0053] Fig. 1 shows a table of exemplary empirical results for various 
coolant flow rates and air temperatures that will permit mapping of the 
performance and characterization of the heater core, at a maximum blower 
speed blowing air through the heater core, represented by a blower voltage of 
13.4 volts, and thus at the maximum air flow rate of air through the heater 
core with the mix door to the heater core fully open (i.e., no air bypasses the 
heater core). In the table of Fig. 1 , coolant flow rate is correlated to an 
operational parameter of an automobile, specifically, in this case, engine 
RPM. In the heater circuit used to obtain the value shown in Fig. 1 , the rate of 
coolant flow increases with increasing engine RPM. As can be seen from 
Fig. 1 , determined values for Cc/Ch vary depending on engine RPM. The 
higher the RPM, the lower the value of Cc/Ch. 

[0054] In the embodiments of the invention that utilize values of Cc/Ch that 
were empirically determined at maximum blower speeds and maximum air 
mix door opening (i.e., maximum heater core air output), a scaling factor may 
be utilized to obtain values of Cc/Ch to be used in equation (1) and equation 
(4) to determine the value of the temperature of air passed through the heater 
core for lower air mass flow rates through the heater core. Thus, Cc/Ch may 
be scaled based on the speed of the air through the core and the percentage 
of air passed through the heater core relative to the airflow rate through the 
heater core during the empirical testing. 
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[0055] A method of determining such a scaling factor for Cc/Ch will now be 
discussed. In heater systems for automobiles, there is an air mix door that 
varies the amount of air that passes through the heater core. During empirical 
testing to obtain values of Cc/Ch, this mix door may be fully open. The 
location of this mix door is correlated to a parameter that will be labeled 
"Mix%." This parameter represents the percentage of the total airflow 
introduced into the cabin of the automobile through a conditioned air vent that 
is passed through the heater core. It is noted that the total airflow of air (i.e., 
the amount of air passing through the heater core plus the amount of air 
bypassing the heater core) is affected by the location of the mix door, and 
thus affected by the Mix% value. This is because the heater core itself 
presents an airflow restriction. Thus, values of total airflow are first 
determined for various Mix% values at various blower speeds. These total 
airflow values may be determined empirically and/or by utilizing estimates 
based on fluid flow equations that account for the airflow restriction presented 
by the heater core. Fig. 2 shows a table of total cabin airflow mass flow rates 
(m^/min) for various Mix% values and blower voltages for an exemplary 
climate control system. 

[0056] Next, the amount of airflow that passes through the heater core is 
determined for various door positions. This may be determined by taking the 
Mix% value and multiplying it by the total airflow. However, in other 
embodiments of the present invention, the amount of airflow that passes 
through the heater core may be determined empirically. Still further, in other 
embodiments of the present invention, the amount of airflow that passes 
through the heater core may be determined utilizing equations that take into 
account the airflow restriction presented by the heater core. Fig. 3 shows a 
table of the airflow that passes through the heater core as a function of Mix% 
and blower voltage for an exemplary climate control system. 
[0057] To determine the scaling value for Cc/Ch at various airflow rates 
passing through the heater core and at various Mix% values, the value of the 
airflow passing through the heater core at a given Mix% and blower voltage is 
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divided by the total airflow rate when the Mix% is at 100% (i.e., when all of the 
air that leaves the conditioned air outlet vent has passed through the heater 
core). This total airflow value may be determined empirically while developing 
values for Cc/Ch for various coolant flow speeds. Fig. 4 shows a chart 
detailing a percentage of reference airflow passing through the heater core for 
an exemplary climate control system. These percentages are then used to 
scale Cc/Ch to obtain values that will be used to estimate the outlet 
temperature of the heater core based on a given blower voltage and a given 
Mix% (i.e., air mix door position) at various automobile component 
parameters. 

[0058] As noted above, some embodiments of the present invention may 
use values of Cc/Ch that are empirically determined for various coolant flow 
speeds as well as various blower voltages (blower speeds) and Mix% values. 
Recognizing the time consumption that will be required to obtain such 
information, some embodiments of the invention may be practiced utilizing 
values of Cc/Ch determined for a limited number of blower speeds, coolant 
flow rates, and Mix% values over a range of blower speed rates, coolant flow 
rates, and mix door positions, and then the "missing" values for Cc/Ch may be 
determined by interpolation. Thus, values of Cc/Ch to be used in the above 
equations to estimate the outlet temperature of the air exiting the heater core 
may be determined in some embodiments in any manner that will allow the 
control system of the present invention to be practiced with a degree of 
accuracy that is deemed reasonable under the circumstances. 

Identifying Cc/Ch 

[0059] Some more sophisticated embodiments of the present invention may 
be practiced by repeatedly determining the scaling factor for Cc/Ch for various 
blower speeds, mix door positions, and various coolant flow rates onboard the 
automobile. However, other embodiments of the present invention may be 
practiced by predetermining the scaling factors for the various flow rates and 
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blower speeds and storing these in a lookup table onboard the automobile. 
Still further, other embodiments of the present invention may be practiced by 
scaling the values of Cc/Ch beforehand and storing these scale values in a 
lookup table onboard the automobile based on blower speed, percent mix, 
and a given coolant flow rate. Thus, some embodiments of the present 
invention may be practiced with any means or method to determine values of 
Cc/Ch or proxy values of Cc/Ch that may be used to estimate the temperature 
of the air exiting the heater core. 

[0060] Fig. 5 shows a graphical representation of how an exemplary control 
system implemented according to the present invention may behave utilizing 
an auxiliary electric pump to increase the flow rate of coolant through a heater 
core. From Fig. 5, it can be seen that the mix% favoring full hot will have a 
tendency to require SFF activation. 

Implementation Logic 

[0061] The present invention includes a method to practicing the invention, 
software to practice the invention, and apparatuses configured to implement 
the present invention, including a climate control device for a cabin of an 
automobile. An exemplary apparatus for practicing the present invention may 
be seen in Fig. 6, which shows a schematic representation of a coolant flow 
control device according to an embodiment of the invention. Fig. 6 shows an 
electronic processor 100, which is in communication with an engine 200, an 
auxiliary pump 300, the outlet of a heater core 400, a coolant flow pipe 500 at 
the inlet to the heater core 400, and a memory 150, which may be a part of 
the processor 100 or may be separate from the processor 100. The 
processor 100 may be adapted to automatically determine the temperature 
difference between the temperature of the coolant at the first flow rate before 
the coolant enters the heater core 400 and a temperature of air exiting the 
heater core 400, and to automatically command an increase in the flow rate of 
the coolant to a second flow rate higher than the first flow rate if the 
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temperature difference is greater than a stored predetermined temperature 
difference stored in the memory 100. Still further, processor 100 may be 
adapted to utilize an algorithm based on some or all of the equations, 
variables, and/or constants discussed herein. Memory 150 may store the 
variables and/or constants that will be used by the processor to automatically 
implement the present invention. These variables and constants may be 
stored in look-up tables in the memory. Still further, the memory may store an 
array of solutions for some or all of the above equations, such that 
calculations by the processor may be reduced and/or eliminated. Still further, 
the memory may store solutions to equations in a manner such that all that is 
necessary is to look-up those solutions based on an array of known values. 
[0062] Thus, embodiments of the present invention may utilize lookup 
tables in lieu of and/or in addition to utilizing algorithms based on the 
equations above. In such embodiments, solutions for a wide range of climate 
control scenarios (i.e., different variables/constants) may be predetermined 
and thus stored in a memory, from which these solutions may be looked up 
based on a provided array of variables. However, other embodiments of the 
present invention may be practiced utilizing algorithms based on the above 
equations. Still further, a combination of these may be used to implement the 
present invention. 

[0063] Fig. 6 shows that the processor 100 is in communication with 
temperature sensors 110. In the assembly shown, temperature sensor 110 
relays temperature information from the sensor to processor 100. Still further, 
Fig. 6 shows that processor 100 is also in communication with auxiliary pump 
300, to which it may send commands to increase the flow rate or to decrease 
the flow rate of coolant through the heater core 400. The processor 100 may 
also be in communication with the engine 200, to determine a parameter of 
the engine that is indicative of the rate of fluid flow through the heater core. 
Alternatively or in addition to this, the processor may be in communication 
with a device, such as a flow meter, that measures the flow rate of coolant 
and reports this measured flow rate to the processor 100. 
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[0064] The coolant flow device, methods, and software according to the 
present invention may be utilized in conjunction with a climate control device 
of an automobile. By way of example only and not by way of limitation, the 
methods and apparatuses and software according to the present invention 
may be utilized in a system for automatically controlling a climate in a cabin of 
an automobile according to U.S. Patent Application Number 10/373,202 to 
Eisenhour, filed on February 26, 2003, entitled, Dual Zone Automatic Climate 
Control Algorithm Utilizing Heat Flux Analysis, the contents of which are 
incorporated by reference herein in their entirety. Thus, some embodiments 
of the present invention include providing conditioned air to the cabin from a 
conditioned air outlet, where the present invention is utilized to ensure or 
othenA^ise improve the chances that an adequate outlet temperature will be 
achieved. . 

[0065] It is further noted that when referring to an algorithm based on the 
above equations, it is meant any routine or equatlon(s) that may be derived or 
extrapolated from the above equations, including equations developed (or 
similar equations) to formulate other equations that may be used to practice 
the invention. 

[0066] Given the disclosure of the present invention, one versed in the art 
would appreciate that there may be other embodiments and modifications 
within the scope and spirit of the present invention. Accordingly, all 
modifications attainable by one versed in the art from the present disclosure 
within the scope and spirit of the present invention are to be included as 
further embodiments of the present invention. The scope of the present 
invention accordingly is to be defined as set forth in the appended claims. 
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